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Experimental Investigation on 6 Feet Wide Cold-Formed Steel 
Framed Shear Walls with Steel Sheet Sheathing 
Cheng Yu1, Yujie Chen2 
ABSTRACT 
An AISI sponsored research project on the performance of 6 feet wide cold-
formed steel (CFS) framed shear walls with single sided steel sheet sheathing is 
recently completed at the University of North Texas. This research project is 
aimed at determining the required seismic detailing for 6 feet wide 8 feet high 
CFS shear walls using two steel sheets, one is 4 feet wide, and the other is 2 feet 
wide. Both monotonic and cyclic tests are conducted and various parameters in 
the framing and sheathing details are considered in the test program. Those 
parameters include framing member thickness (33 mil, 43 mil, 54 mil), framing 
member size (3.5 inches, 6 inches), steel sheet thickness (30 mil, 33 mil), 
fastener size (No. 8 and No. 10), sheet joint configuration, and the option in 
bracing and blocking. This paper presents the testing details, test results, and 
analyses on the performance of 6 feet wide CFS framed shear walls. 
Recommendations for framing and sheathing are provided in order to achieve 
satisfactory seismic performance. The nominal shear strength for the tested 
shear wall configurations are also presented in this paper. 
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 INTRUDUCTION 
The cold-formed steel stud framed shear wall using steel sheet sheathing (CFS 
sheet steel shear wall) is a code approved lateral force-resisting system for 
residential and low-rise commercial buildings. The previous experimental 
studies of CFS sheet steel shear walls (Serrette 1996, 1997, 2002; Yu 2007) 
have focused on wall aspect ratios (height vs. width) 2:1 and 4:1, in which 4 ft. 
and/or 2 ft. wide steel sheet were used. The published nominal shear strengths of 
CFS steel sheet shear walls in the Steel Framing Standard - Lateral Design by 
American Iron and Steel Institute (AISI S213, 2007) are based on the 
experimental results 4 ft. wide 8 ft. high and 2 ft. wide 8 ft high walls. However 
the 6 ft. wide CFS shear walls are also practically used in the field and such 
structures have not been fully studied yet. The objective of the research 
presented in this paper is to identify the appropriate framing and sheathing 
details for 6 ft. wide CFS shear walls using 2 ft. and 4 ft. wide steel sheets to 
achieve satisfactory performance in cyclic loading. The test program includes 
both monotonic and cyclic tests, the test results are used to establish nominal 
shear strength for studied CFS sheet steel shear walls. 
TEST PROGRAM 
Test Setup 
The monotonic tests and the cyclic tests were performed on a 16 ft. span, 12 ft. 
high adaptable structural steel testing frame. Figure 1 illustrates the testing 
frame with an 8 ft.  6 ft. steel shear wall installed. All the shear wall specimens 
were assembled in a horizontal position and then installed vertically in the 
testing frame. The shear walls were bolted to the base beam and loaded 
horizontally at the top. For shear walls using 3.5 in. framing members, a 5 in.  
5 in.  1/2 in. structural steel tubing was used for the base beam. For shear walls 
using 6 in. framing members, 10 in.  5 in.  1/2 in. structural steel tubing was 
used for the base beam. The base beam was attached to a W1667 structural 
steel I beam that was attached to the concrete floor slab. 
The lateral force was applied to the shear wall top via a load beam made of a 
structural steel T shape. The T shape was attached to the top track of the shear 
wall by self-drilling tapping screws placed every 3 in. on center. The out-of-
plane displacement of the wall was prevented by a series of steel rollers on each 
side of the T shape. Five position transducers were employed to measure the 
horizontal displacement of the top of wall, and the vertical and horizontal 
displacements of the bottoms of the two boundary studs. The applied force and 
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Figure 1 Shear wall test setup 
 
Testing Procedure 
Both the monotonic and the cyclic tests were conducted in a displacement 
control mode. The procedure of the monotonic tests was compliant with ASTM 
E564 (2006) “Standard Practice for Static Load Test for Shear Resistance of 
Framed Walls for Buildings.” The CUREE protocol with 0.2 Hz loading 
frequency was chosen for the cyclic tests. The CUREE protocol is in accordance 
with the method C in ASTM E2126 (2007) “Standard Test Methods for Cyclic 
(Reversed) Load Test for Shear Resistance of Vertical Elements of the Lateral 
Force Resisting Systems for Buildings.” The specific displacement amplitudes 
in CUREE are determined by the shear wall’s displacement capacity obtained 
from the monotonic tests. If the shear wall has not failed at the end of the 40 
cycles, additional cycles which increased of 50% over the previous primary 
cycle shall be added. The added magnitude is 75% of the primary for the two 
followed trailing cycles. 
Test Specimens 
This research was focused on the performance of shear walls subject to seismic 
loads, therefore two identical cyclic tests with CUREE protocol for each 
specimen configuration were performed. In general, one monotonic test was 
conducted prior to the cyclic tests. The purpose of the monotonic test was to 
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 determine the ultimate displacement capacity which was used to define the 
reference displacement for the CUREE protocol. 
In order to determine the appropriate detailing in framing and the joint of 
sheathing, a total of 4 wall configurations were investigated in the test program. 
Figure 2 shows the wall configuration A. The sheathing consisted of one 8 ft. × 
4 ft. and one 8 ft. × 2 ft. steel sheet. The two sheets were butted and attached to 
the frame by single line of screws at the panel edges as well as in the field of 
sheathing. The studs were 24 in. apart, and double studs were used at the 
boundary and the sheet joint. One 5/8 in. shear bolt was installed on the bottom 
track in each section of the frame. The wall configuration B is similar to the 
configuration A except that one single stud was installed at the sheet joint. 
The wall configuration C, illustrated in Figure 3, was developed from the 
configuration B with additional special detailing to improve the seismic 
performance. The details include the following. 
 No. 10-16 × 3/4-in. modified truss head self-drilling tapping screws 
were used for connect sheathing and framing. The screws were placed 
in the stagger pattern at boundary and sheathing joint studs and in 
single line on tracks. 
 1-1/2-in. × 33 mil flat strap was installed at the mid height on both 
sides of the frame. No. 8 × 1/2-in. screws were used to attach the strap 
to the stud and blocking. 
 Stud/track blocking with the same material as the framing members 
was installed at the mid height in the two end sections of the frame. The 
strapping and blocking details were in accordance with AISI S230 
Standard for Cold-Formed Steel Framing – Prescriptive Method for 
One and Two Family Dwellings (AISI S230, 2007) Section E. 
The wall configuration D adopted the same framing detail as configuration B 
except that three 8 ft. × 2 ft. steel sheets were used. The sheets were attached to 
the frame at the panel edge by single line of screws. 
Figure 4 illustrates the labeling method. Table 1 provides the details for the 
tested shear walls. Since the research was focused on the seismic detailing for 8 
ft. × 6 ft. CFS shear walls, the majority of the tests were cyclic. In general, one 
monotonic test was conducted prior to the cyclic tests. The purpose of the 
monotonic tests was to determine the shear wall’s ultimate displacement 
capacity which was used to define the reference displacement in the CUREE 
protocol for cyclic tests. Two identical cyclic shear wall tests were conducted 
for each wall configuration, if the difference was greater than 10% of the first 
test, a third test would be performed. 
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Figure 2 Dimensions of 8 ft. × 6 ft. wall assembly – Configuration A 
 



















Figure 4 Specimen labeling method  
Table 1 Details of 8 ft × 6 ft shear walls 





















 Material Properties 
Coupon tests were conducted in accordance with the ASTM A370 (2006) 
“Standard Test Methods and Definitions for Mechanical Testing of Steel 
Products” to obtain the actual properties of the test materials in this project. The 
coupon test results are summarized in Table 2. The coating on the steel was 
removed by hydrochloric acid prior to the coupon tests. A total of four coupons 
were tested for each member, and the average results are provided in Table 2. 













for 2 in. 
Gage 
Length (%) 
33 ksi 18 mil steel sheet 0.0189 51.0 55.0 1.08 21% 
33 ksi 27mil steel sheet 0.0294 46.8 54.9 1.18 27% 
33 ksi 30 mil steel sheet 0.0286 48.9 55.6 1.08 24% 
33 ksi 33 mil steel sheet 0.0358 47.2 53.6 1.14 33% 
33 ksi 33 mil stud 0.0341 49.8 58.1 1.17 35% 
33 ksi 43 mil stud 0.0430 47.6 55.1 1.15 29% 
50 ksi 54 mil stud 0.0535 55.4 73.8 1.33 20% 
33 ksi 33 mil track 0.0339 67.5 87.5 1.30 16% 
33 ksi 43 mil track 0.0420 43.1 55.6 1.29 25% 
50 ksi 54 mil track 0.0534 62.3 82.3 1.32 20% 
 
The test results indicate that the measured uncoated thickness of 30 mil sheet, 43 
mil track, and 54 mil stud and track is less than the required minimum base 
metal (i.e., uncoated) thickness per the AISI S201 Product Data (2007) Table 
B2-1. All the coupons meet the minimum ductility requirement by North 
American Specification for Design of Cold-Formed Steel Structural Members 
2007 Edition (NASPEC 2007), which requires the tensile strength to yield 
strength ratio greater than 1.08, and the elongation on a 2 in. gage length higher 
than 10%. 
TEST RESULTS AND DISCUSSION 
A total of 19 8 ft. × 6 ft. CFS sheet steel shear walls were tested. The test results 
are summarized in Table 3. In Table 3, the ductility factor, µ, was calculate 
using the equivalent energy elastic plastic model (EEEP) (Park 1989). Figure 5 
illustrates the EEEP model in which a bilinear curve (EEEP curve), represents 
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 an ideal elastic-plastic shear wall system that is capable of dissipating an 
equivalent amount of energy as compared with the real shear wall. The slope of 




FKe , where 400 is 
the shear wall height divided by 400, F400 is the load on the actual test curve 





 , where the maximum displacement, max, and the 
maximum elastic displacement, e, can be obtained from Figure 5. The ductility 
factor has been commonly used in evaluating the ductility of CFS shear walls 






























86350-4330-2-C1-A 1045 1.35 6.24 
86350-4330-2-C1-B 1243 1.61 5.91 
86350-4333-2-M1-C 1215 1.74 6.38 
86350-4333-2-C1-C 1529 1.10 3.39 
86350-4333-2-C2-C 1485 1.27 4.16 
86350-4330-2-M1-C 1255 1.41 4.31 
86350-4330-2-C1-C 1341 1.52 4.29 
86350-4330-2-C2-C 1372 1.42 5.07 
86600-4333-2-M1-C 1354 1.72 2.95 
86600-4333-2-C1-C 1497 1.59 2.56 
86600-4333-2-C2-C 1477 1.01 3.90 
86350-5433-2-M1-B 1699 1.87 3.40 
86350-5433-2-C1-B 1845 1.64 3.96 
86350-5433-2-C2-B 1898 1.34 3.14 
86350-4327-2-M1-D 1380 1.36 4.88 
86350-4327-2-C1-D 1466 1.42 4.20 
86350-5433-2-M1-C 1989 2.49 3.40 
86350-5433-2-C1-C 1994 1.65 4.11 
86350-5433-2-C2-C 2174 1.56 3.66 
 
This research started with two pilot cyclic tests on 30 mil sheet shear walls with 
two wall configurations, A and B. Configuration A used double studs at the 
sheet joint, while Configuration B used a single stud at the sheet joint. Figure 6 
shows the test hysteresis and failure mode for a shear wall with configuration A 
(86350-4330-2-C1-A). The test 86350-4330-2-C1-A failed by flexural 
buckling of the single interior stud and screw pull-out at the joint, which caused 
the separation of the double studs. Sheathing screw pull-out was also observed 
at the panel corners and on the single interior stud. Figure 7 shows the test 
hysteresis and failure mode of a shear wall with configuration B (86350-
4330-2-C1-B). The test 86350-4330-2-C1-B failed by flexural buckling of 
the interior studs and sheathing screws pulled out at the corner and in the field of 
the panel. The shear wall with configuration B yielded a 19% higher peak load 
than that of the configuration A wall. Both shear walls demonstrated similar 
ductility. The boundary studs in both tests were able to provide sufficient 
overturning resistance. However the failure of the interior stud occurred in both 
tests, which could cause collapse of the structures in earthquakes or strong 
winds. 
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Figure 6 Test hysteresis and Failure mode for 86350-4330-2-C1-A 


























Figure 7 Test hysteresis and failure mode for 86350-4330-2-C1-B 
In order to avoid failure in the studs, a wall configuration C was developed by 
adding special detailing to the configuration B. As stated in the previous section, 
the special details included No. 10×3/4” screws to replace No. 8×1/2” screws, 
the use of blocking and strapping, and the use of a staggered screw pattern at the 
end and joint studs. Figure 8 shows the 30 mil sheet steel shear walls with 
configuration C after testing. The flexural buckling of the interior studs was 
successfully restricted by the added blocking and strapping. The flange of the 
interior stud in the panel field was damaged due to the pull-out of the sheathing 
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 screws. The special details also improved the shear strength of the shear wall. 
For the 30 mil sheet steel shear wall, a 9% increase in the peak load was found 
on configuration C walls compared with configuration B walls. 
The special detailing (wall configuration C) was also applied to 43 mil 6 in. 
framed shear walls with 33 mil sheathing. Figure 9 shows failure mode of the 
test 86600-4330-2-C1-C. Moderate distortion of the interior stud at the field 
of the 4 ft. sheet occurred, and screw pull-out was observed at the deformed 
interior stud and at the bottom of the joint stud. The 6 in. framed shear walls did 
not give higher shear strength than the 3.5 in. framed shear walls using the same 
sheathing and fastener configurations. The two cyclic tests on 6 in. framed wall 
with 33 mil sheathing yielded 1487 plf in average. The two cyclic tests on 3.5 in. 
framed wall with 33 mil sheathing yielded 1507 plf in average. It suggests that 
the nominal strength for 3.5 in. framed shear walls can be used for 6 in. framed 
shear walls with the same details in framing, sheathing, and the fastener 
configurations. 
 
Figure 8 Failure mode of test  
86350-4330-2-C1-C 
 
Figure 9 Failure mode of test  
86600-4330-2-C1-C 
Monotonic and cyclic tests were also performed on 54 mil framed shear walls 
sheathed with 33 mil sheets with and without the special detailing. 54 mil 
framed wall without the special detailing. Figure 10 shows the failure mode of a 
54 mil shear wall without using the special details. The wall failed by the screw 
pull-out from the center of the interior stud and from the bottom of the boundary 
studs. The screw pull-out also caused distortion of the stud flange. However the 
studs were able to maintain their original shape after the tests. The special 
425
 detailing increased the shear strength of the 54 mil framed shear wall by an 
average of 11.4% for the cyclic loading. The ductility of the shear wall was also 
improved as the cyclic tests showed an average of 21.7% increase in the 
ductility factor for the 54 mil framed shear walls with the special detailing 
compared with the walls without special detailing. 
The wall configuration D uses three 2 ft. wide steel sheets, which is a feasible 
method to assemble a 6 ft. wide shear wall. The tests on configuration D 
included one monotonic test and one cyclic test on 8 ft. × 6 ft. 33 mil framed 
shear wall sheathed with three 27 mil 8 ft. × 2 ft. sheets. The special detailing 
was not installed for these two tests. Figure 11 shows the failure mode of the 
cyclic test. The shear wall failed by the interior stud distortion and the flange 
distortion at panel corners. Compared with 8 ft. × 4 ft. shear walls with 27 mil 
sheathing in Yu (2007) the 8 ft. × 6 ft. walls yielded higher unit shear strength 
due to the stronger framing members being used (43 mil vs. 33 mil). However 
the special detailing is recommended for the 6 ft. wide shear walls using 
multiple steel sheets to avoid potential damage on the studs. 
 
Figure 10 Failure mode of test  
86350-5433-2-C1-B 
 
Figure 11 Failure mode of test  
86350-4327-2-C1-D 
Following the guidance in ICC-ES AC322 Acceptance Criteria for Prefabricated, 
Cold-Formed, Steel Lateral-Force-Resisting Vertical Assemblies (AC322 2009), 
the nominal shear strength for seismic loads for those studied shear walls can be 
obtained by taking the average of identical tests for each configuration. The 
computed nominal shear strength is provided in Table 4. The nominal strengths 
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 listed in Table 4 are adjusted only by the variation in the material thickness 
between the design values and the actual values in steel sheets. Footnotes to the 
table address the variation in the material yield strength. 

















0.033” steel sheet 3:2 43 mil2 10 Yes 1507 
0.030” steel sheet 3:2 43 mil2 10 Yes 1357 
0.033” steel sheet 3:2 54 mil3 8 No 1872 
0.033” steel sheet 3:2 54 mil3 10 Yes 2084 
0.033” steel sheet 3:2 43 mil2 10 Yes 1575 
Note:  
1. Screws shall be installed 12 in. o.c. in the field of panel, and 2 in. o.c. at the 
panel edges. 
2. Steel sheet installed on one side. Sheet steel sheathing, wall studs, tracks, 
and blocking shall be of ASTM A1003 Grade 33 Type H steel with 
minimum yield strength, Fy, of 46 ksi and a minimum tensile strength, Fu, 
of 55 ksi. 
3. Wall studs, tracks, and blocking shall be of ASTM A1003 Grade 50 Type H 
steel with minimum yield strength, Fy, of 55 ksi and a minimum tensile 
strength, Fu, of 74 ksi. 
4. Blocking and strapping shall be the same thickness as the framing. 
Strapping shall be of 33 mil minimum, installed on both sides of the wall. 
CONCLUSIONS 
CFS sheet shear walls with various configurations in framing and sheathing 
were experimentally studied to investigate the behavior and necessary detailing 
for 6-ft. wide CFS shear walls. A special seismic detailing was developed by a 
series of cyclic tests on 8 ft. × 6 ft. shear walls with 2 in. fasteners at panel edges 
to prevent potential damage on the studs. The special detailing includes blocking 
and strapping at middle height and No. 10×3/4-in. self-drilling screws staggered 
at boundary and joint studs. It is recommended to use a single stud at the sheet 
joint. The test results indicate that the special detailing will increase the nominal 
strength as well as improve the ductility of the shear wall. Apart from the special 
detailing, it was found that 8 ft. × 6 ft. shear walls with 33-mil sheathing using 
54-mil frame without the special detailing could also give satisfactory 
performance under cyclic loading. It can be concluded that the special seismic 
detailing shall be installed for 33-mil or 43-mil framed shear walls with steel 
sheathing thickness equal to or less than 33-mil. The nominal strength for 
representative shear walls with the special seismic detailing is established. 
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